In this paper, an experimental device for seawater evaporation under high voltage electrostatic field is designed, and the energy consumption of seawater evaporation under high voltage electrostatic field is analyzed by experimental data, On the one hand, the theoretical energy consumption of sea water evaporation under normal temperature is deduced theoretically, and the energy consumption of seawater evaporation under the condition of high voltage electrostatic field is calculated, and then the energy consumption of seawater evaporation is deduced, The experimental results show that under the condition of high voltage electrostatic field, the energy consumption per ton of seawater evaporation is less than 10Kw/h, and the efficiency is 1.5-2 times of the normal. At the same time, it is suggested that the salt ions (Na + and Cl -) in seawater can hinder the evaporation of water under high voltage electrostatic field, the experimental results show that the average evaporation rate of distilled water is the fastest, the NaCl containing saline is slower compared to distilled water ,and the seawater is the slowest.
INTRODUCTION
In 1976, Asakawa [1] , a Japanese scholar, found that the evaporation rate of water increased significantly under the electric field, on this basis, many famous scholars at home and abroad have designed experimental devices to explore the role of high voltage electrostatic field to promote water evaporation, Carlon and Latham [2] . using two copper electrode, one grounding, one by alternating current, applying 0-14KV voltage, drying experiment of wet filter paper under this condition was carried out, the experimental results show that the drying rate increases with the increase of applied electric field strength, the rate reached about 6 times the normal; Fumio Hashinaga, Ryuichi, Shintani and Ganga Prasa [3] . were used to dry apple slices under electric field, it was found that the drying rate accelerated with the increase of electric field voltage; N.N. Barthakur [4] . uses the needle electrode and the plate electrode to form the electric field, under this condition carries on the different concentration NaCl solution evaporation experiment, discovered that the electrostatic field can accelerate the formation of salt crystallization. The above experimental studies have shown that the high-voltage electrostatic field can promote the evaporation of water, the high voltage electrostatic field technology can to some extent improve the water production efficiency, The application of this technology should first consider the energy consumption of seawater evaporation under high voltage electrostatic field and its influencing factors. The purpose of this paper is to study the energy consumption of seawater evaporation compared with high voltage electrostatic field conditions and under normal conditions, and to explore the influence of salt ions (Na+ and Cl-) in seawater on the evaporation of water under the condition of high voltage electrostatic field, so that the high voltage electrostatic field technology can be widely applied in the field of seawater desalination.
THEORETICAL ENERGY CONSUMPTION OF SEA WATER EVAPORATION AT NORMAL TEMPERATURE
From the analysis of theoretical energy consumption of seawater, the theoretical energy consumption of seawater evaporation can be calculated based on the beginning and the end state in the process of seawater evaporation, that is, the sea water from the seawater with initial concentration-C0into concentrated seawater with concentration-C2 and freshwater with concentration-C1. From the knowledge of thermodynamics, the theoretical energy required for evaporation of sea water is the difference between the Gibbs free energy of seawater in two states:
Type (1):n0,n1,n2-The amount of electrolyte material in the initial seawater, freshwater, and concentrated seawater, meet n1+n2=n0; N0,N1,N2-The amount of water material in the initial seawater, freshwater, and concentrated seawater, meet N1+N2=N0; Since almost 90% of the salt in seawater is NaCl, for the sake of theoretical calculation, assuming that the salt water in seawater is NaCl and is completely ionized and the ion activity is calculated by the molar concentration of NaCl, the free energy of electrolytes and water in seawater can be expressed as:
In the formula (2) and (3),
G is the free energy of salt and water in the standard state; n and N are the quantities of electrolyte and sea water in seawater; CNaCl is the concentration of converted NaCl in sea water; The theoretical consumption of seawater evaporation can be obtained in the formula (2) and (3) substitution formula (1):
C1, C2 and C0 in the formula respectively represent the electrolyte concentrations of fresh water, concentrated seawater and initial seawater which converted into NaCl, n1 and n2 respectively represent the amount of substance of electrolyte in fresh water and concentrated seawater ;R-the ideal gas constant, 8.314J/ (mol·K); T-corresponding temperature of the thermodynamic temperature (K).
Assuming that 1L of fresh water is distilled from seawater (chlorine water degree is 19.00)at 25oC at room temperature, the electrolyte concentration(expressed in NaCl) of various kinds of water is obtained from the mass conservation law and the electrolyte concentration table of water under constant temperature and constant pressure as follows:
C1=500mg/L=0.00855mol/L；C0=3400mg/L=0.582mol/L；T=298.2K； C2=136000mg/L=2.328mol/L；n1=0.00855mol；n2=0.76mol；
Substituting the values into Equation(4) yields the theoretical energy consumption for generating 1L of water is: W=5.01×103(J/L), and the theoretical energy consumption of 1tons of seawater is W=5.01×103×103/3.6×103=1.41kW·h.
EXPERIMENTAL DEVICES AND METHOD

Experimental Materials
Seawater(salinity:35‰);Distilled water; NaCl solution(concentration:35‰).
Experimental Devices
Using a single needle electrode to connect the negative electrode of high voltage power supply, the plate electrode is connected to the positive electrode of the high voltage power supply, the copper electrode placed at the bottom of the beaker, is connected to the earth, the depth of 4cm, single needle electrode and the copper electrode distance 6cm.High voltage electrostatic field generated by high voltage circuit, the high voltage alternating current (0-50Kv) generated by the step-up of the 220V alternating current transformer through the test transformer is converted into high voltage direct current by the half wave rectification of the high voltage silicon stack, the output voltage is measured with a high voltage voltmeter, and the discharge current of the electrode is detected by a micro ampere meter.is connected to the needle electrode by wire, the positive pole is connected to the copper plate electrode, and the positive pole is connected to the earth.
High voltage power supply generates 0-50Kv high voltage through the negative terminal contact is connected to the needle electrode by wire, the positive pole is connected to the copper plate electrode, and the positive pole is connected to the ground. The distance between the needle electrode and the electrode plate is adjusted by the bracket adjusting rod; the temperature of sea water is regulated by the microcomputer constant temperature heating platform, and the temperature records are measured by non-contact infrared thermometer; using a sensitive electronic scales weighing the weight of water evaporation online.
1-insulating support, 2-millimeter scale, 3-glass evaporation container, 4-copper needle electrode, 5-high voltage dc power supply, 6-copper electrode, 7-positive output high voltage DC power supply, 8-civil air defense network, 9-hob, 10-polyurethane insulation board, 11-Sensitive digital electronic scale, 12-digital display temperature preheating table, 13-alumina -ceramic plate. 
Experimental Methods
EXPERIMENTAL METHOD FOR ANALYZING ENERGY CONSUMPTION OF SEAWATER EVAPORATION UNDER HIGH VOLTAGE ELECTROSTATIC FIELE
The C, the distance between the tip of the needle electrode and the copper electrode is 60mm, the water level of copper submerged depth is 30mm, and the temperature of the constant temperature preheating table is adjusted to the corresponding constant temperature for preheating, the seawater evaporation device with normal temperature is placed on the constant temperature preheating platform to be preheated hermetically to the constant temperature, when the high voltage is set to 7.5Kv, measuring the changed value of the evaporation of seawater which over time under different temperature gradient, and the current value of the high voltage loop and the humidity of air above the needle electrode are recorded.
The formula of energy consumption of electric energy can be expressed in the lower form (5): 
EXPERIMENTAL METHOD FOR EFFECTS OF SALT IONS(Na+AND Cl-)ON SEAWATER EVAPORATION UNDER HIGH VOLTAGE ELECTROSTATIC FIELD
Confect NaCl solution with a salinity of 35‰, compared with the evaporation rate of distilled water, NaCl brine and sea water under the same high voltage electrostatic field, before the experiment, preheat the pure water, NaCl solution(salinity of 35‰) and sea water (salinity of 35‰) to 70oC hermetically(keep the initial concentration constant),and preheat the constant temperature preheating table to 70oC,the distance between the tip of the needle electrode and the copper electrode is adjusted to 60mm, the depth of water flooded copper sheet is 30mm, under the condition of which the voltage is adjusted to 7.5Kv,compare change rule of weight of three kings of water evaporation along with time.  TABLE I. EXPERIMENTAL TABLE OF EVAPORATION AND LOOP CURRENT VALUE AT DIFFERENT CONSTANT TEMPERATURES.
From Table I and formula (5), we can draw the relationship between the evaporation of seawater and the energy consumption of electric field. See Table II  below:   TABLE II. ELECTRICAL ENERGY CONSUMPTION PER UNIT SEA WATER AT DIFFERENT CONSTANT TEMPERATURES.
EXPERIMENTAL RESULTS AND ANALYSIS
Energy Consumption Analysis Of Seawater Evaporation Under High Voltage Electrostatic Field
The measured data from Table I and Table II show that under the condition of high voltage electrostatic field, the higher the water temperature, the faster the rate of water evaporation, and the greater the air humidity at the liquid level, the higher the current of the high voltage circuit, but the water corresponding to the amount of energy consumption per unit is lower with the increase of temperature. For example, when the plate electrode voltage is 7.5Kv and the seawater temperature is 70oC, the power consumption of 1 tons of water (assuming that all the water vapor is condensed into fresh water) produced by seawater evaporation is: 
32.76 10 9.1 3.6 10
That is, the energy consumed by 1 tons of seawater evaporation is 9.1(kW·h)， which is 6.45 times of theoretical consumption under normal temperature, But if the technology is applied to the field of seawater desalination, tons of water consumption is low to 10 degrees, and the evaporation efficiency compared to the non-high voltage electrostatic field is increased by 1.5-2 times, compared with the other desalination technologies at home and abroad, achieves the purpose of high efficiency and saving energy. On the other hand, the experimental data is selected in the average rate of evaporation seawater within 20min, due to the experiment continuous evaporation of seawater caused by salinity increases and decrease the actual seawater temperature leads to the evaporation rate is smaller. Therefore, the evaporation rate of seawater is faster and the energy consumption per ton is below the average value. With the increase of temperature and voltage, the evaporation rate is accelerated, and the energy consumption per ton of seawater evaporation is lower. Therefore, from the point of view of energy consumption and efficiency, it can be concluded that the high voltage electrostatic field can promote seawater evaporation and has the purpose of energy saving and efficiency increasing. Table III and Fig. 2 are experimental data recording tables, and the relationship between evaporation of distilled water, NaCl brine and sea water with time. From the measured data in Table III and Fig. 2 , the average evaporation rate of distilled water under high voltage electrostatic field is the fastest, NaCl salt water is the second, the average evaporation rate of seawater is the slowest, and the difference between evaporation rate of NaCl brine and seawater is small. The experimental comparison between evaporation of distilled water and seawater shows that the ions in the seawater under high-voltage electrostatic field have an obstacle to the evaporation of water. The comparison of the evaporation experiments of distilled water, NaCl-containing water and seawater shows that Na + and Cl -in seawater are the main factors that affect the evaporation of water, and various ions in the seawater form a more stable and complex hydrogen bonding network, which has a dual impact on the electric field and water cluster structure. 
Analysis Of The
CONCLUSIONS
In this paper, the theoretical energy consumption of seawater evaporation and the energy consumption calculated during the experiment are compared and analyzed, and compared with the current desalination technology in China, the superiority of seawater evaporation under high voltage electrostatic field is obtained. On the one hand, the external energy consumption Extremely low, desalination of tons of energy consumption less than 10kW·h, and the efficiency is 1.5-2 times normal, high efficiency, so that the high voltage electrostatic field technology used in the field of desalination played a basic technical support; There are many kinds of ions in seawater, of which Na+ and Cl-are the most abundant ions in seawater. In this paper, the effects of salt ions (Na+ and Cl-) on the evaporation of seawater under high-voltage electrostatic field were found. The research on the influencing factors of seawater evaporation under high voltage electrostatic field can greatly optimize the application of high voltage electrostatic field technology in seawater desalination and make the technology better applied in the field of seawater desalination.
